Background: To prospectively investigate the predictive value of the preoperative C-reactive protein (CRP) concentration for major postoperative complications following off-pump coronary artery bypass (OPCAB) surgery. Methods and Results: From January 2007 to December 2007, 185 consecutive patients scheduled for elective OPCAB surgery were allocated to a low-CRP group (n=137, CRP <0.3 mg/dl) and a high-CRP group (n=48, CRP ≥0.3 mg/dl). The incidence of major postoperative complications, defined as postoperative myocardial infarction, and 5 major morbidity endpoints including permanent stroke, renal dysfunction, any cardiac surgery reoperation, ventilation for more than 48 h, and deep sternal wound infection were assessed and compared. Multivariate logistic regression was used to determine the predictors of major postoperative complications. Patients in the high-CRP group had a significantly higher overall incidence of major postoperative complications, particularly renal dysfunction. In the multivariate logistic regression model, adjusting all the significant univariate predictors, baseline CRP >0.3 mg/dl and preoperative chronic renal failure (CRF) remained as significant independent predictors of major postoperative complications. Conclusions: Elevated preoperative CRP level and/or preoperative CRF indicate increased risk of developing major postoperative complications, particularly acute postoperative renal dysfunction in patients undergoing OPCAB surgery. (Circ J 2009; 73: 872 -877) 
fter cardiac surgery, the inflammatory reaction plays a pivotal role in the development of postoperative morbidity and mortality. 1,2 Accordingly, the preoperative inflammatory status of the patient will significantly affect the degree of systemic inflammation and the postoperative outcome. 3, 4 Among the biomarkers of inflammatory status, C-reactive protein (CRP) is the most widely used. 5 Numerous studies have incontrovertibly demonstrated the strong predictive value of high-sensitivity CRP (hsCRP) for adverse cardiac events in patients undergoing percutaneous coronary intervention (PCI) and with myocardial infarction (MI). [6] [7] [8] [9] [10] As a result, CRP is rapidly evolving into a stronger risk predictor than other novel risk factors in the setting of coronary ischemia and unstable angina. However, its predictive role and clinical application in patients undergoing coronary artery bypass graft surgery (CABG) remains controversial. 3, 4, [11] [12] [13] [14] Moreover, most of the studies are pertinent to on-pump CABG, and no comprehensive data exist for its predictive value in off-pump coronary artery bypass surgery (OPCAB).
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The regional warm, instead of the global cold, ischemiareperfusion injury imposed on the myocardium and the avoidance of cardiopulmonary bypass (CPB) in OPCAB would confer a different impact of the degree of inflammatory reaction and, consequently, the postoperative outcome. 15 Thus, in terms of the degree of the inflammatory response and myocardial ischemia, OPCAB would stand between on-pump CABG and PCI, and a more distinct role of the preoperative CRP level is expected in OPCAB patients compared with on-pump CABG. We, therefore, designed a prospective and observational trial to investigate the predictive value of the preoperative hsCRP level for major postoperative complications following OPCAB during the postoperative hospitalization period. urgent surgery, recent MI within the 1 month of the time of enrolment, age under 20 years, known malignancy, active infection, autoimmune disease, or chronic anti-inflammatory therapy other than low-dose aspirin. The study was conducted according to the principles of the Declaration of Helsinki, and written informed consent was given by all patients. The institutional ethics committee approved the study.
Methods

Patients
The following preoperative data were prospectively collected: age, sex, body surface area, serum creatinine level, left ventricular ejection fraction (LVEF) and medications. Assessment of comorbidities included history of hypertension, diabetes mellitus under medical treatment, neurologic events, chronic renal failure (CRF defined as estimated glomerular filtration rate <60 ml · min -1 · 1.73 m -2 ), vascular disease, and documented history of prior MI.
Anesthetic Management and Operative Technique
All patients received standardized anesthetic management. In the operating room, leads II and V5 of the ECG and arterial blood pressure were continuously monitored. A thermodilution pulmonary artery catheter was inserted for continuous monitoring of cardiac output and mixed venous oxygen saturation. Anesthesia was induced with intravenous midazolam (0.03-0.07 mg/kg), sufentanil (1.5-3.0 μg/kg) and rocuronium bromide 50 mg, and maintained with sevoflurane (0.8-1.5 vol%) and continuous infusion of sufentanil (0.5-1.5 μg · kg -1 · h -1 ).
All surgical procedures were performed by the same surgeon through a median sternotomy. To avoid instrumentation of the ascending aorta, a "no-touch" technique 16 was used whenever possible. With this technique, revascularization was carried out using 1 or both internal thoracic arteries connected with an additional graft (mainly the radial artery, and/or saphenous vein) in a Y configuration. To expose and stabilize the target coronary vessel, a deep pericardial suture and suction stabilizer (Rosta ® 2.0, Yoorim Corporation, Chungbuck, Korea) was used. During distal anastomosis, mean systemic arterial pressure was maintained within 70-80 mmHg either with a 10-20° Trendelenburg's position and/or norepinephrine infusion. The number of distal anastomoses and operation time were recorded. All patients were transferred to the intensive care unit (ICU) after operation.
Biochemistry
hsCRP was measured by the high-sensitivity nephelometric method (Dade Behring Marburg GMBH, Marburg, Germany) on the morning of the day before surgery, and on the morning of the 1 st , 2 nd , and 3 rd postoperative days (POD 1, 2 and 3). The lower detection limit of this method was <0.015 mg/dl. Creatine kinase-myocardial band (CK-MB) and troponin-T (Tn-T) levels were also measured at the same time points. According to the baseline level of hsCRP, patients were allocated to a low-CRP group, which included patients with hsCRP level <0.3 mg/dl (n=137), and a high-CRP group, which included patients with hsCRP level ≥0.3 mg/dl (n=48). The cut-off point of 0.3 mg/dl was based on the American Heart Association and Centers for Disease Control and Prevention scientific statement suggesting that levels greater than 0.3 mg/dl be considered high. 17 
Postoperative Evaluation
The postoperative clinical course of all patients, including the duration of mechanical ventilation, re-intubation rate, chest tube drainage for 72 h, transfusion requirement, use of inotropic agents or vasopressors, new onset of atrial fibril- lation, and postoperative MI and the 5 major morbidity endpoints were recorded until hospital discharge. The length of stay in the ICU and the postoperative hospitalization, as well as the in-hospital mortality, were also recorded. MI was defined as the occurrence of an increase in CK-MB ≥25ng/dl (5-fold above the upper normal limit) and/or development of new pathologic Q wave on electrocardiography. The 5 major morbidity endpoints were defined as permanent stroke, renal dysfunction, any cardiac surgery reoperation, ventilation >48 h, and deep sternal wound infection. 18 For clarification, renal dysfunction was defined as acute postoperative renal insufficiency resulting in 1 or more of the following: (1) increase of serum creatinine to >2.0 mg/dl, (2) ≥50% increase in creatinine over baseline preoperative value, or (3) new requirement for dialysis. Inhospital mortality was defined as death within the same hospital admission regardless of cause.
Statistical Analysis
Data are expressed as mean ± standard deviation or number of patients (%) and were analyzed with SPSS (version 13, SPSS Inc, Chicago, IL, USA). The primary objective of this study was to compare the overall incidence of the major postoperative complications defined as postoperative MI and 5 major morbidity endpoints between groups, and to analyze the predictive value of hsCRP. To compare the low-and high-CRP groups, chi-square or Fisher's exact test for categorical variables and unpaired t-test or Mann-Whitney U test for continuous variables were used as appropriate. To determine the predictive value of hsCRP and other preoperative variables for major postoperative complications, multivariate analysis was used with logistic regression using a forward stepwise selection method. Preoperative variables of P<0.2 in the univariate analysis were included in the regression model. A P-value <0.05 was considered statistically significant.
Results
Patients
OPCAB was successfully performed in all patients without emergency conversion to on-pump CABG. Patients' characteristics and operative data, including the number of grafts performed, were similar between the groups except for age ( Table 1) .
Postoperative outcome variables are shown in Table 2 . The overall incidence of the predefined major postoperative complications was significantly higher in the high-CRP group. Other postoperative outcome variables were comparable between the groups. Among the predefined major postoperative complications, the overall incidence of the 5 major morbidity endpoints was significantly higher in the high-CRP group, although the incidence of postoperative MI was also higher in the high-CRP group without statistical significance (10% vs 4%, P=0.160). When comparing each parameter constituting the 5 major morbidity endpoints, only the incidence of renal dysfunction was significantly higher in the high-CRP group. Of the patients who developed renal dysfunction, 1 in the high-CRP group required hemodialysis. The creatinine levels returned to preoperative values in all patients before hospital discharge. Both the length of ICU stay and postoperative hospitalization were similar between the groups. The in-hospital mortality rate was also without statistical significance, and the cause of death of 2 patients in the low-CRP group was graft failure and subsequent cardiac arrest, respectively.
Biomarkers
Although the baseline hsCRP levels were essentially different, postoperative CRP showed no differences, peaking on POD 2 in both groups. The white blood cell (WBC) count was significantly higher in the high-CRP group on POD 2. There were no significant differences in the CK-MB and Tn-T levels at baseline or on PODs 1-3 ( Table 3) .
Multivariate Logistic Regression
To determine the risk factors for major postoperative complications, suspected univariate predictors (all perioperative variables shown in Table 1 and baseline CRP, WBC count, CK-MB, and Tn-T) were assessed, and significant univariate predictors included lower LVEF, history of MI, CRF, cerebrovascular accident, and baseline hsCRP 
Discussion
In the current study addressing the predictive value of the CRP level for a patient's short-term prognosis following OPCAB, we found that the overall incidence of major postoperative complications was significantly higher in the high-CRP group. Among the postoperative complications, the incidence of renal dysfunction was significantly higher, and the incidences of MI and cardiac reoperation showed a trend toward being higher in the high-CRP group. Furthermore, high preoperative hsCRP level and history of CRF were independent risk factors for the development of major postoperative complications, especially acute postoperative renal dysfunction.
Identification of factors related to an increased risk of postoperative complications allows accurate risk stratification, and provides the rationale for optimizing certain medical conditions of the patient before the surgery, if possible. During the past decade, CRP has emerged as a significant predictor of cardiovascular events in both healthy subjects and patients with coronary artery disease, with consistent clinical evidence. [6] [7] [8] [9] [10] Furthermore, the CRP level has been shown to be an independent predictor of future cardiovascular events, adding prognostic information to the Framingham Risk Score, to lipid screening, and to the metabolic syndrome. 19 Thus, in the area of primary prevention, the usefulness of the criterion encompassing the CRP modified ischemic heart disease risk score for global risk prediction is being increasingly recognized. 20 Cardiac surgery, particularly if requiring CPB, invariably produces a broad and intense systemic inflammatory response to a different extent among individual patients. 21 This systemic inflammatory response, together with microembolization, is being held responsible for the development of most of the morbidities following cardiac surgery, and not surprisingly, the preoperative inflammatory status of the patient significantly affects the degree of systemic inflammatory response during cardiac surgery. However, unlike in the setting of coronary artery disease or PCI, the reported predictive value of the preoperative CRP level for postoperative outcome in on-pump CABG has been controversial. 3, 4, [11] [12] [13] [14] Strong associations between an elevated hsCRP Values are mean ± SD. POD, postoperative day; WBC, white blood cell count; CK-MB, creatine kinase-MB; TnT, troponin T. Other abbreviation see in Table 1 . level with an increased overall incidence of infection and sepsis, short-and long-term postoperative mortality, and early graft occlusion has been demonstrated by previous studies. 3, 12, 14, 22 In contrast, a preoperative level of CRP as high as >5 mg/L could not predict in-hospital postoperative complications following primary isolated on-pump CABG. 4 In a prospective study, Tn-T but not CRP was identified as a predictive variable for short-term prognosis following onpump CABG and those authors suggested that myocardial ischemia plays the main role in on-pump CABG, in contrast with PCI where inflammation is the cornerstone. 23 OPCAB is associated with a reduced inflammatory reaction and myocardial injury because it avoids the use of CPB and does not impose a global cold myocardial ischemia, but there is still a significant acute inflammatory response as a result of surgical trauma and warm regional myocardial ischemia. 15 In terms of the extent of both the inflammatory reaction and myocardial ischemia, we consider that the effect of OPCAB is between that of on-pump CABG and PCI. Therefore, the prognostic importance of CRP for the patient's outcome would be more definite in OPCAB than in on-pump CABG, although evidence to prove this hypothesis is lacking to date.
As our results indicate, a high preoperative hsCRP level was associated with frequent development of major postoperative complications, especially renal dysfunction. In addition, a high hsCRP, together with preoperative CRF, was identified as an independent predictor for major postoperative complications in our multivariate analysis. Postoperative MI and the 5 major morbidity endpoints are well known as affecting patients' quality of life and may often pose a serious threat to a patient's long-term survival and overall wellbeing after the operation. 18 Of interest is that when comparing each parameter constituting the major postoperative complications, only the incidence of renal dysfunction was significantly higher in the high-CRP group. Moreover, together with preoperative CRF, an elevated preoperative CRP level was an independent risk factor for postoperative renal dysfunction, in particular, on our multivariate logistic regression analysis. Preexisting renal impairment has been consistently identified as a major predictor for postoperative renal failure in OPCAB. 24, 25 However, although not surprising, this strong association of an elevated preoperative hsCRP level with the development of postoperative renal dysfunction following OPCAB is a novel finding of this study. Renal dysfunction after cardiac surgery is well known as having a significant influence on postoperative morbidity and mortality, and although the causes of renal dysfunction after cardiac surgery are multifactorial, the inflammatory response is 1 of the important contributors. 26 In support of the association between elevated preoperative hsCRP level and renal dysfunction, the preoperative inflammatory status as measured by the hsCRP level was closely associated with the postoperative inflammatory reaction and has been shown to magnify the effects of intraoperative inflammatory stressors. 13, 14 Moreover, renal filtration contributes to the clearance of many inflammatory cytokines and thus postoperative renal dysfunction per se may also influence the course and magnitude of the inflammatory response, thereby effecting other major complications, including aggravation of the already present renal dysfunction. 27 Based on these perspectives and our results, therapeutic efforts should be made to attenuate the inflammatory response and/or to protect the kidney in patients with an elevated preoperative hsCRP level presenting for OPCAB. For that purpose, statin therapy could be a promising therapeutic strategy, as those drugs have been shown to reduce the levels of certain inflammatory markers, such as hsCRP and IL-6, and to dramatically reduce morbidity and mortality in patients with established cardiovascular disease. [28] [29] [30] However, the efficacy of statins in reducing major postoperative complications in patients undergoing OPCAB remains to be proven.
Study Limitations
hsCRP is a well-established marker of inflammation, and despite the preoperative difference in the hsCRP levels and the theory of accentuated inflammatory response in patients with increased baseline inflammatory status, the postoperative hsCRP levels were similar between the groups in this study. Therefore, the suggestion that an increased inflammatory response resulted in the increased incidence of major postoperative complications in the high-CRP group may not seem reasonable. However, hsCRP is only 1 of many inflammatory markers, and thus judging the patient's inflammatory response solely by the serum level of CRP may not be acceptable. The finding that leukocytosis was more pronounced in the high-CRP group on POD 2 also implies that there was an increased inflammatory response in the high-CRP group. Moreover, the fact that a preoperative elevated hsCRP level was an independent predictor of major postoperative complications, despite the similarity in the postoperative hsCRP levels, further strengthens the predictive value of hsCRP.
In conclusion, we found a strong association between an elevated preoperative hsCRP level and the occurrence of major postoperative complications following OPCAB. Furthermore, together with preoperative CRF, a preoperative level of CRP >0.3 mg/dl was an independent risk factor for the development of postoperative major complications, particularly renal dysfunction.
